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New ways to tackle oats stem rust

By R. J. McLean and P.A.

Portmann,Plant Breeders
Western Australia is fortunate not to
have frequent, widespread, severe oat
stem rust epidemics. But the disease
has been severe enough in recent
years, particularly in the southern
coastal areas, to cause concern to
both farmers and plant breeders.
Stem rust is caused by the fungus
Puccinia graminis avenae. It is
closely related to the fungus causing
stem rust on wheat, and like wheat
rust, it exists in a number of strains
or 'races'. These races have a range of
variations which gives them the
ability to overcome different
resistances in oats.
The use of resistant oat varieties
offers the most practical and
economic means of controlling rust,
but for a variety to be resistant it
must contain resistance genes which
are effective against the prevalent
races. Plant breeders therefore need
to survey the rust races to guide them
in their programmes to breed
varieties resistant to these races.
In Western Australia, extensive
surveys of the stem rust races present
on cultivated and wild oats were
carried out during 1979 and 1980.
Under suitable climatic conditions,
stem rust can multiply rapidly on
oats and other grasses. Also, it can be
spread widely by wind: Because of
these conditions when a resistant
variety is grown any rust race which
is able to attack that variety, even if
extremely rare or arising through
mutation, will multiply and spread
throughout oat growing areas within
a few seasons. Thus the resistant
variety gives that particular race an
advantage over other races, allowing
it to build up rapidly.
This situation occurred in the case of
the variety West, which contains two
resistance genes. When released,
West was resistant to the main rust
races in Western Australia, but
within two season the resistance
broke down because rust races which
could attack plants with these two
resistance genes rapidly increased in
frequency, to become the main rust
races in Western Australia.
The oat stem rust situation is
different to that of wheat stem rust.
For wheat, there are many sources of
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resistance, so that as resistance of a
variety breaks down, new sources of
resistance can be incorporated into
new varieties. But for oats stem rust
there are only ten known genes for
resistance, despite very widespread
screening of oats and closely related
species throughout the world. Also,
wild oats growing throughout the
agricultural area provide a medium
for diverse rust races to survive, even
when the cultivated oats are resistant.
This probably makes resistant oat
varieties more susceptible to
breakdown than wheat varieties.
The problem of so few genes
available to breed rust-resistant oats
by conventional means was
emphasised greatly by results of the
rust race surveys. Rust races which
can attack seven of the resistance
genes are already present in Western
Australia, leaving only three for
potential use in breeding. Races to
attack one of the three are present in
eastern Australia, so it would be only
a matter of time before these spread
to this State. This leaves only two
genes. There is nothing special about
these genes, as there are races able to
attack them in other parts of the
world.
Alternative forms of resistance of a
more stable nature have been
demonstrated elsewhere. These offer
greater hope of a stable and longerlasting resistance in oats. Breeders
are planning to work on these
two ... slow rusting and
tolerance ... here in Western
Australia.
Slow-rusting allows some disease to
develop in crops, but if the rate of
development of a rust epidemic is
slowed down and high levels of
disease development delayed long
enough, plants already will have
passed through most of the critical
grain-filling stages of growth, so that
yield loss is reduced to a minimum.
Tolerant plants, though rusted, are
better able to withstand the disease
than a fully susceptible plant, and
their yield is not greatly affected by
the rust.
Extensive field testing is needed to
breed for this type of resistance as it
is dependent upon a large population
of plants, and the complex
interaction between plants, rust and
the environment.

The work involves measuring the
yields of breeding lines and varieties
in rusted plots, and expressing each
as a percentage of the yield of an
equivalent rust-free (fungicide
treated) plot nearby. This percentage
value is called a resistance index.
By measuring the effect of rust on
yield, it allows estimates of resistance
to rust to be made. For example a
resistance index of I 00 means that
yield is the same in both rusted and
non-rusted plots, so that such a
variety should have complete
resistance to rust. A resistance index
of 50, though, would indicate that
half of the potential yield of this
variety can be lost due to rust and
that therefore it would have little
useful slow-rusting resistance or
tolerance.
To carry out the type of experiments
described here, the presence of rust
must be assured. This will involve
growing summer oat crops to ensure
adequate summer carry-over of rust,
and artificial innoculation of
experimental crops in the following
winter.

Plant breeders propose to use either
the Manjimup or Medina Research
Stations, which are relatively isolated
from the major oat growing areas of
the State. Thus any risks to
commercial oat crops should be
minimal, as rust produced at either
site would be of the same races as
those already in Western Australia,
and the amount of rust produced
would be negligible compared with
that surviving the summer on
volunteer oats and wild oats.
So far, plant breeders have
introduced many oats lines reported
to be slow-rusting or tolerant to rust
in other countries. These lines
generally are not adapted to our
environment. They yield poorly, but
crosses have been made to locally
adapted varieties. During 1982 the
introduced lines and some of the first
crossbred lines will be assessed in an
initial trial to develop breeding and
selection techniques specific for the
Western Australian environment. To
enable the field testing to be carried
out the Grain Pool of W.A. has
donated $25,000 for the purchase of a
plot harvester, which was necessary
to handle the anticipated increase in
plots sown each year.
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